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Abstract 

The hot spots in Ar and He pinch plasma are investi
gated. Both pinhole caaeras with entrance diameter 13-230 
urn and flat crystal spectrographs with Si and КАР crystals 
were used for spatially and spectrally resolved soft x-ray 
diagnostics. The diameters of Ar (23-30 urn) and Me (40 urn) 
hot spots were found. From x-ray spectrum of Ar spots the 
parameters of plasma were determined: T = 1.0-1.1 keV and 
n e s (1.8-4.0)xi027m"3. * validly of the Bennett equilibri
um for unstable hot spots is discussed. 
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Introduction 

The general interest in gas puff z-pinches, which 

generate hot and dense plasma of highly ionized atoms, was 

raised by their numerous applications 11 1. When studying 

the plasma in these pinches, we can distinguish two main 

components: a plasma column of the electron temperature 

T = 20-100 eV and density n = 1025-1026 m~3 [2] and hot 

spots with much higher T and n (1-2 orders). The creation 

of bright spots is a result of an additional electromagne

tic compression of the bulk plasma due to m=0 (sausage) in

stabilities. Although this mechanism of the origin of hot 

spots is generally accepted, the detailed model of their 

formation and decay does not exist. However hot spots domi

nate the soft x-ray emission and owing to their high bright

ness and small size (typical dimensions are hundreds and 

even units of micrometers [3]), the imploding gases are 

efficient and reasonably reproducible flash sources for 

x-ray spectroscopy, microscopy and microlithography. The 

aim of this paper is to contribute to the study of spatial, 

temporal and spectral characteristics of hot spots in gas 

puff z-pinches. 

Experimental details 

Our gas puff z-pinch device consists of a 10.8 uF 

capacitor bank charged up to 40 kV which ie discharged 

through a main spark gap switch and a parallel-plate 



- 4 -

transmission line insulated with a aolid dielectric into 

a hollow cylinder of gas created by a fast valve (with 

filling volume 1.2 car/shot) and an annular noxsle. The 

diameter of the initial gas cylinder and an interalectrode 

spacing were optimised to 2.1 cm [2], the current at pinch 

time reached approximately 140 kA (the short-circuit cur

rent, as measured by Rogowski coils, was 175 kA at charging 

voltage 30 kV). 

X-ray diode with an Al cathode and semiconductor sur

face-barrier detector, both with different filters, were 

employed for temporally resolved x-ray diagnostics. Dimen

sions of x-ray emitting areas were determined from pinhole 

photographs. Slightly reduced images were taken on Agfa 

Gevaert Structurix D 8 film using the basic filtration of 

7.5 urn Be, which cut off the radiation with energy lower 

than 500 eV. The pinholes with diameters 13-250 urn were 

covered by Al and mylar foils with thicknesses 1.5-23 pm, 

thus rendering a rough spectral analysis. 

The spectral distribution of soft x-ray radiation 

emanated - from hot spots was registered by flat crystal 

spectrographs. The dispersive elements were KAP(IOO) for 

the energy region 860-1085 eV and Si (111) for the range 

2970-3280 eV. The caeettes for x-ray film were covered by 

7.5 pm Be or by 6 urn mylar foil with 0.25 pm layer of eva

porated Al. The spectra were spatially resolved using 

a 1 mm entrance slit perpendicular to z-axis. Spectrographs 

and pinhole cameras were situated inside the interaction 
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chamber, so the care had to be taken to protect che instru
ments against the blast fro* an exploding plasma. 

Results 

Typical pinhole photographs (see Fig.О show diffuse 
areas with the dimensions 1-3 mm and several bright spots, 
the number and the localization of which has more or less 
random character practically not influenced by the geometry 
of filling and the atomic number of working gas. This indi
cates that soft x-ray radiation is produced in the vicinity 
of the z-axis mainly by micropinches formation. The dia
meters of Ar and He hot spots, as measured from the wide
ning of pinhole images, are of the order of 25-30 and 40 um, 
respectively. Some of them were elongated in the direction 
of the pinch axis, their lenght reached 100-200 um. The 
lifetime of hot spots may be estimated from the response 
of Be filtered surface-barrier detector. The FWHM of the 
signal amounted typically 50 ns; taking into account possi
ble time sequence in the creation of different hot spots 
and the temporal resolution ~ 10 ns, this value is rather 
upper limit. 

When optimizing the discharge, the line radiation was 
too weak to allow spectroscopic determination of T and nfi. 
The electron temperature of hot spots was therefore evalua
ted by two-foil method [i], taking into account the slowly 
varying response of the photographic film and well-known 
limitations of the absorber foil technique. A comparison 
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of the found values of Te (300-350 eV) with the calcula
tions of dense plasma ionization equilibrium [5] indicates 
a significant fractional abundance of highly charged ions. 

The densitometer traces of time-integrated x-ray spec
tra taken at optimum experimental conditions are shown in 
Figure 1. The most prominent lines of these spectra, in 
which K-line transitions are superposed on predominantly 
free-bound continuum, were identified using the tables of 
ionic emission lines [б]. The distinct structure of Ar 
spectrum enabled to determine the fundamental parameters 
of x-ray emitting spots. The T was estimated on the basis 
of slightly modified coronal model [7] from the ratio of 
Be-like resonance line and j, к dielectronic satellites. 
The nm was determined from relative intensities of resonan 
ce and intercombination line [d]. The reliability of the 
values T = 1.0-1.1 keV and n_- (1.8-4.0)x1027 m**3 computed 
for different spots is limited by unknown energy deposition 
of suprathermal electrons, which can ionize the inner shell 
in high total rate and thus overlap the dielectronic recom
bination [9]. However the results of recent investigations 
indicate that the role of nonthermal electrons was overesti
mated and they are not the principal heat source for hot 
spots [10]. 

Discussion 

The parameters of Ar bulk plasma were estimated from 
the diameter (1 mm) and lifetime (Г~б5 ns) of discharge 
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column. Using the Bennett equation and the relation between 
Г and T e [2], we found Te= ^ ~ 50 eV, n ^ 1.7хЮ25т~3 and 

26 4 
n ~ 1.4x10 •"•'. Supposing now further radial compression 
of the plasma to a diameter 40 urn and further ionization of 
ions up to Ar XVII, the density of hot spots could approach, 
in dependence on the distribution of ionization states, an 
upper limit 1.8xl0'7i . The discrepancy between this value 
and the above given results indicates that a considerable 
amount of initial line density flows out in the axial direc
tion or creates a cooler plasaa blanket [10]. On the other 
hand, when trying to apply the Bennett law to our hot spots, 27 -Л the density 5x10 m J is assessed. The conformity of this 
value with spectroscopically determined electron densities 
support the hypothesis that hot spots may fulfil the condi
tions of Bennett equilibrium [ 11]. 

The observed sizes of hot spots are less than those 
reported elsewhere, excepting the results of Troitsk group 

This fact throws doubt of an estimated energy budget 
[10J, laying stress on Ohmic heating and PdV work (which 
depends on the ratio of initial and. final plasma radius) 
as the main source of energy for plasma in hot spots. Si
multaneously the validity of an assumption of the second-
-rate role of suprathermal electrons is supported. 

To conclude: In spite of the fact that some aspects 
of z-pinchее (namely those connected with lower density 
equilibrium plasmas) are well understood, there is an urgent 
need of more complex theoretical models to explain all ob
served phenomena and especl^ly the radiation physics of 
hot spots. 
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figure 1. Selected parte of x-ray epectra and a typical 
pinhole photograph of Ar hot spots. 


